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Specification 

1. Title of the Invention 

Thin Film EL Element and Manufacturing Method Thereof 

2. Scope of Patent Claims 

(1) A thin film EL element characterized by comprising: a transparent substrate; a 
transparent electrode formed over this transparent substrate; a dielectric layer; an EL 
thin film layer which contains an EL light-emitting layer and a back surface electrode; 
and a cap which covers this EL thin film layer and which is attached to the transparent 
substrate; wherein the cap, along with being equipped with an adhesive injection port, is 
fixed to an inner surface using a hygroscopic material; and the adhesive injection port is 
sealed with a thermosetting resin adhesive. 

(2) A method for manufacturing a thin film EL element characterized by comprising 
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the steps of: a step for applying an adhesive diffused throughout a hygroscopic material 
to an inner surface of a cap and affixing the hardened hygroscopic material to the inner 
surface of the cap; a step for attaching this cap to a transparent substrate provided with 
an EL thin film layer composed of a transparent electrode, a dielectric layer, an EL 
5 light-emitting layer, and a back surface electrode; and a step for injecting a 
thermosetting resin adhesive into the thin film EL element through an adhesive injection 
port provided in the cap, hardening the thermosetting resin adhesive, and sealing the cap 
and the transparent electrode, all while this cap and this transparent electrode are being 
heated. 

10 3. Detailed Description of the Invention 

[Field of Industrial Application] 

The present invention relates to a thin film EL element used as a displaying 

means for still images and video in a computer system terminal device as well as other 

display devices, for a planar display device and to a manufacturing method thereof, in 
15 particular, to a sealing method thereof. 

[Related Art] 

Traditionally, this kind of thin film EL (Electroluminescence) element was 
formed, for example, in the following way: a transparent electrode made from In 2 03, 
SnC>2, or the like is placed over a transparent glass substrate; next, a first dielectric layer 

20 made from Y2O3, Ta 2 0 5 , or the like, an EL light-emitting layer made from ZnS or the 
like doped with from 0.1 wt% to 2 wt% of Mn acting as a luminescent center, and a 
second dielectric layer are stacked, in order; and, after that, a back surface electrode 
made from AJ, Ta, Mo, or the like is placed over the stacked layers. Viewed from the 
transparent substrate side, a region where the transparent electrode and the back surface 

25 electrode intersect corresponds to one picture element of a panel, and by application of 
an alternating current between both electrodes, emission of orange light by the Mn 
luminescent center is exhibited. 

In this kind of EL element, a thin film multilayer object (hereinafter referred to 
as an EL thin film layer) from the transparent electrode formed over the transparent 

30 substrate to the back surface electrode is easily affected by ambient air, in particular, by 
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moisture, and even if a tiny bit of moisture from the atmosphere is adsorbed by an EL 
thin film layer, the moisture penetrates into pinholes and the like in the dielectric layer 
and the like, whereby the resistance of that portion is lowered. As a result, too much 
current flows, a localized portion becomes heated, the thin film is separated from the 
5 substrate, dielectric breakdown occurs, and the life of the element comes to be 
shortened. In addition, the penetrated moisture reaches the EL light-emitting layer, 
and because the light-emitting layer is extremely weak against water, the light-emitting 
layer deteriorates, and the life of the element comes to be shortened. 

In order that the thin film EL element be protected from this kind of moisture, 

10 in the past, the following measures were taken: (1) an inorganic or organic coating was 
firmly attached to cover the entire EL thin film layer; (2) the EL thin film layer was 
covered by a glass cap or the like; (3) the glass cap in (2) was degassed so that the 
inside of the glass cap was drawn down to vacuum; (4) the inside of the glass cap in (2) 
was filled with an insulating liquid, such as with silicon oil or the like; and (5) in 

15 addition to what was performed in (4), furthermore, a sheet to which a silica gel, which 
acts as a moisture absorber, has been applied is attached to the inner walls of the cap or 
the like. 

(Problems to be Solved by the Invention] 

In each of the above moisture-prevention measures, each one has drawbacks in 

20 production in addition to advantages. First of all, in ©, having to dissipate heat from 
the EL element is inconvenient, and, in some cases, separation of layers occurs due to 
an increase in stress. Next, in ®, there is not enough of an effect. In addition, in 
each of ©, @, and (D, there are difficulties in production; furthermore, in ©, in 
particular, because there is a difference in pressure between external atmospheric 

25 pressure and the pressure inside the cap, there are problems with the strength of the 
element, as well. 

[Means for Solving the Problems] 

In a thin film EL element of the present invention, a cap, to the inner surface of 
which a hygroscopic material is applied, is used, and an adhesive injection port 
30 provided in the cap is sealed with a thermosetting resin adhesive. 
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| In addition, in a manufacturing method of the present invention, the following 

steps are provided; a step for applying an adhesive diffused throughout a hygroscopic 
material to an inner surface of a cap and affixing the hardened hygroscopic material to 
the inner surface of the cap; a step for attaching this cap to a transparent substrate 
5 provided with an EL thin film layer; and a step for injecting a thermosetting resin 
adhesive into the thin film EL element layer through an adhesive injection port provided 
in the cap, hardening the thermosetting resin adhesive, and sealing the cap and the 
transparent substrate, all while this cap and this transparent substrate are being heated. 
[Operation] 

10 By heating of the cap which is arranged over the transparent substrate, moisture 

remaining inside the cap is removed through the adhesive injection port while the 
penetration of moisture from the external atmosphere is prevented. After the cap has 
been sealed, even if a tiny bit of moisture is left remaining inside the cap, that moisture 
I is absorbed by the hygroscopic material affixed to the inside of the cap. 

15 [Embodiments] 

FIGS. 2(a) and 2(b) show an EL thin film layer formed over a transparent 
substrate; FIG 2(a) is a plane-view diagram, and FIG 2(b) is a cross-sectional view 
! taken along b-b in FIG 2(a). Next, this formation method will be described. 

First, over a transparent substrate 1 made from aluminosilicate glass 

20 (manufactured by HOYA Corp., NA40; dimensions of 100 mm x 100 mm x 3 mm), 
indium oxide into which a tin oxide is mixed is set as a raw material, and a number of 
strip-shaped transparent electrodes 2 are formed by a vacuum deposition method. At 
this time, drawn-out portions of the transparent electrodes 2 are made to extend toward 
the periphery of the substrate in an alternating fashion. Next, by a similar 

25 manufacturing method, a first dielectric layer 3 (film thickness of 3000 A) with yttrium 
oxide (Y2O3) set as the raw material; an EL light-emitting layer 4 (film thickness of 
6000 A) with sintered pellets of ZnS:Mn, doped with 0.5 wt% of manganese (Mn) 
acting as the active material, set as the raw material; and a second dielectric layer 5 
(film thickness of 3000 A) with the same material as was used for the first dielectric 

30 layer 3 set as the raw material are formed in order. Then, over the second dielectric 
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§ layer 5, by a similar manufacturing method, with aluminum (Al) set as the raw material, 

a number of strip-shaped back surface electrodes 6 (film thickness of 3000 A) are 
formed in a direction in which the back surface electrodes 6 intersect with the 
transparent electrodes 2 in an alternating fashion. Drawn-out portions of these back 
5 surface electrodes 6 also extend toward the periphery of the substrate in an alternating 
fashion. An EL thin film layer 7 is formed of both electrodes minus these drawn-out 
portions as well as the EL light-emitting layer interposed therebetween and the first and 
second dielectric layers. 

FIGS. 3(a) to 3(c) are diagrams showing a cap used and affixed to this 

10 transparent substrate 1; FIQ 3(a) is a plane-view diagram, Fig. 3(b) is a cross-sectional 
view taken along b-b in FIG 3(a), and FIG 3(c) is a perspective diagram (however, it is 
a reflected image). A cap 8 is made from aluminosilicate glass, the same raw material 
from which the transparent substrate 7 is made. The dimensions (unit: mm) for each 
part are as shown in FIGS. 2(a) and 2(b); the cap generally has a box shape with an 

15 approximately square bottom wall and four side walls, but in the open terminal, a 
rectangular notch 9 is formed. As will be described below, this notch 9 forms an 
adhesive injection port when the cap 8 is affixed to the transparent substrate 5 [sic]. 

Next, using FIGS. 1(a) to 1(c), a step for affixing the cap 8 to the transparent 
substrate 1 to seal the transparent substrate 1 in this manner will be explained. 

20 At first, the cap 8 is preheated at from 100 °C to 200 °C (in the present 

embodiment, at 150 °C) for an hour or more (in the present embodiment, for two hours), 
and moisture adsorbed on the surface is adequately removed. Next, a paste dispersed 
throughout an epoxy-based adhesive formed of thermally cured fine particles of 
diphosphorus pentoxide (P2O5) is prepared; after the same paste is applied to the inner 

25 surface, which will come to face the EL thin film layer 7, of the bottom wall of the cap 8 
at a thickness of from approximately 200 [xm to 300 jxm by a screen printing method, 
the cap 8 is placed on a hot plate or the like of a heater and heated at from 100 °C to 200 
°C (at 150 °C in the present embodiment). Herewith, a hygroscopic effect layer 12 
affixed to fine particles 11 of diphosphorus pentoxide solidified in an adhesive layer 10 

30 is obtained (FIG. 1(a)). 
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Meanwhile, the transparent substrate 1 forming the EL thin film layer 7 is 
preheated at from 100 °C to 200 °C (at 120 °C in the present embodiment) for an hour 
or more (for three hours in the present embodiment), and moisture adsorbed on the 
surface and absorbed inside is adequately removed. While this is being continuously 
5 heated, over this transparent substrate 1, the aforementioned cap 8 is placed in a 
predetermined location so as to cover the EL thin film layer 7. At this time, on the 
surface of the open end of the cap 8, not including the notch 9, by application of a 
thermosetting epoxy-based adhesive in advance, the cap 8 is affixed onto the transparent 
substrate 1 by a solidified adhesive joint 13 formed from this hardened adhesive (FIG 
10 1(b)). 

Next, after this transparent substrate 1 and this cap 8 are intermittently heated 
for a while, in that condition, a fresh epoxy-based adhesive is injected into the cap 8 
through the notch 9 of the cap by a syringe or the like, and heating is continued for a 
predetermined length of time (for one hour in the present embodiment). Consequently, 

15 the notch 9 is sealed with a solidified adhesive joint 14 (FIG 1(c)). 

At the time of sealing, by preheating of each of the cap 8 and the transparent 
substrate 1 over which the EL thin film layer 7 is formed, moisture adsorbed on the 
surfaces of these and moisture absorbed into the EL thin film layer 7 can be removed. 
By further heating with these in a state of being stacked together, moisture remaining 

20 inside can be removed through the notch 9 in the cap 8, and penetration of moisture 
from the external atmosphere can be prevented. Furthermore, even if a small amount 
of moisture remains inside after sealing has been completed, because this moisture is 
absorbed by the fine particles 11 of the diphosphorus pentoxide, adverse effects, such as 
deterioration of the EL thin film layer 7, can be prevented from affecting the 

25 light-emitting display. The hygroscopic effect by this diphosphorus pentoxide, from 
being heated when sealing is performed, is further increased. In addition, from the fact 
that the adhesive solidifying the fine particles 11 of this diphosphorus pentoxide is a 
thermosetting type, deterioration does not occur due to heating during the sealing step. 

In the present embodiment, the material for both the transparent substrate 1 and 

30 the cap 8 is set to be aluminosilicate glass; however, it is not limited to this. For 
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example, a eeramic or plastic material may be used, but, preferably, using a glass with 
an equivalent coefficient of thermal expansion is better. For this kind of glass, for 
example, a multi-component glass, such as soda lime glass or the like, may be used, or 
quartz glass may be used. 
5 In addition, the thermosetting resin adhesive is not limited to an epdxy resin 

adhesive, and other resins, such as a silicone resin or the like, that have resistance to 
heat and moisture may be used. 

Furthermore, for the hygroscopic material, in addition to diphosphorus 
pentoxide, silica gel, magnesium chlorate (Mg(CIC>3)2), aluminum oxide (AI2O3), 

10 calcium oxide (CaO), or the like may be used, as well. 

It is to be noted that, instead of the rectangular notch 9, a notch such as a 
V-shaped notch, a U-shaped notch, or the like or a through-hole such as a circular 
tube-shaped hole, an angular tube-shaped hole, or the like may be used; the number of 
notches or through-holes is not limited to one pair, and at least one is used. Moreover, 

15 if the adhesive injection port is a through-hole-shaped adhesive injection port, the 
location is not limited to sidewalls of the cap 8, and the adhesive injection port may also 
be provided in the bottom portion. 

In addition, in the above-described embodiment, a cap is used in which the 
bottom portion and the sidewalls are formed altogether, but these may be formed 

20 separately and combined together. In FIGS. 4(a) to 4(c), that example is shown. FIG 
4(a) is a plane view diagram, FIG 4(b) is a cross-sectional view diagram taken along 
b-b, and FIG 4(c) is a perspective view diagram. 

A cap 15 of the present embodiment has a structure in which, over one main 
surface of a plate-like cover 15 A made of the same aluminosilicate glass as the 

25 transparent substrate 1, two U-shaped, slot-like spacers 15B are arranged facing each 
other. A thermosetting epoxy-based adhesive is applied to the plate-like cover 15A, 
and the spacers 15B are formed and affixed to the plate-like cover 15 A by thermal 
hardening in an oven or the like at 100 °C. In that case, the two spacers 15B are 
divided from each other at a predetermined distance L = 0.3 mm to 10 mm (3 mm in the 

30 present embodiment) only on the open side of the U shape, and slits 16 are formed. It 
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is to be noted that the area within each slot of the two spacers has a size encircling the 
side surfaces of the EL thin film layer 7. In addition, for the dimension of that width 
W, 0.5 mm to 5 mm (2 mm in the present embodiment) is suitable. The dimension of 
the height H should be greater than the entire film thickness of the EL thin film layer 7 
5 except for the transparent electrode 2 combined with the thickness of the solidified 
adsorbent layer to be described later (normally, from 20 (Am to 3000 ^im; from 200 jim 
to 300 fxm in the present invention) as much as possible and was set to be 1000 yxm in 
the present invention. 

Next, using FIGS. 5(a) and 5(b), 6(a) and 6(b), 7(a) and 7(b), and 8(a) and 8(b), 
10 a step for affixing this kind of cap 15 to the transparent substrate 1 and sealing it will be 
explained. It is to be noted that the (a) of each diagram corresponds to a 
cross-sectional view of FIG. 4(b) and the (b) of each diagram corresponds to a side view 
of FIG 4(b). 

First, the cap 15 is preheated at from 100 °C to 200 °C (120 °C in the present 

15 embodiment) for one hour or more (for two hours in the present embodiment), and 
moisture adsorbed on the surface and absorbed inside is adequately removed. Next, a 
paste in which fine particles of diphosphorus pentoxide (P2O5) are dispersed throughout 
a thermosetting epoxy-based adhesive is applied at a thickness of from 20 nm to 3000 
H-m (from 200 \xm to 300 fxm in the present embodiment) to the inner surface of the 

20 plate-like cover 15 A that faces the EL thin film layer 7 by a method similar to the one 
used in the embodiment for FIGS. 1(a) to 1(c) and made to harden, and the hygroscopic 
effect layer 12 made up of the hardened adhesive layer 10 of the fine particles 11 of 
diphosphorus pentoxide (P2O5) is obtained (FIGS. 5(a) and 5(b)). 

On the other hand, the transparent substrate 1 forming the EL thin film layer 7 

25 is also heated in a way similar to that of the embodiment of FIGS. 1(a) to 1(c), and after 
enough moisture is removed, while being continuously heated at from 100 °C to 200 °C 
(150 °C in the present embodiment), the cap 15 is arranged in a predetermined location 
so as to cover the EL thin film 7 (FIGS. 6(a) and 6(b)). 

Next, into a recess 20 including an external surface 17 of the spacer 15B and 

30 oppositely faced surfaces 18 and 19 of the plate-like cover 15A and the transparent 
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substrate 1, a new epoxy-based adhesive is injected with a syringe or the like, and 
heating is continued for a predetermined length of time (for one hour in the present 
embodiment). Herewith, the epoxy-based adhesive hardens, and a solidified adhesive 
joint 21 is formed (FIGS. 7(a) and 7(b)). The solidified adhesive joint 21 is affixed to 
5 external surfaces of the transparent substrate 1, the plate-like cover 15 A, and the spacer 
15B, and these are securely joined together. In the drawings, an exaggerated view of 
this is drawn; because the dimension of the height (the same as the dimension of the 
height of the spacer 15B) H, as given above, does not exceed 1000 |xm (1 mm), surface 
tension between the transparent substrate 1 and the plate-like cover 15A is obtained and 

10 the adhesive can be easily injected into the element. It is to be noted that the adhesive 
is not injected through the slit 16 at this time; an internal space is connected to the 
external atmosphere by the slit 16. 

In this condition, after heating of the transparent substrate 1 and the cap 15 is 
continued for a while, a new epoxy-based adhesive is inserted, in advance, through the 

15 slits 16 with a syringe or the like, and heating is continued for a predetermined length of 
time (for 20 minutes in the present embodiment). Herewith, the slits 16 are sealed 
with a solidified adhesive joint 22 (FIGS. 8(a) and 8(b)). 

In the present embodiment, the materials of the transparent substrate 1, the 
plate-like cover 15 A, the thermosetting resin adhesive, the hygroscopic material, and 

20 the like not being limited to the materials described above is similar to that of the case 
of the embodiment of FIGS. 1(a) to 1(c). 

Moreover, in each embodiment, the hygroscopic material is fixed only to the 
inner surface of the bottom portion of the cap (in the embodiment for FIGS. 5(a) and 
5(b), to the inner surface of the plate-like cover 15A) but may be fixed to the inner 

25 surfaces of the sidewalls of the cap (in the embodiment for FIGS. 5(a) and 5(b), to the 
inner surface of the spacers 15B); of course, if the hygroscopic material is solidified 
over the entire inner surface of the cap, that hygroscopic effect can be increased. 

It is to be noted that a structure is shown in which the EL light-emitting layer 4 
is interposed between the first and second dielectric layers 3 and 5, but, of course only 

30 one of either of these first and second dielectric layers need be used. 
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| [Effect of the Invention] 

In the present invention, a cap, to the surface of which a hygroscopic material 
is attached, is affixed to a transparent substrate which forms an EL thin film layer, and 
an adhesive injection port is sealed with a thermosetting resin adhesive; by this structure, 
5 and furthermore, with sealing being performed under conditions in which heating is 
performed, a thin film EL element in which moisture prevention is at a high level can be 
j obtained. 

4. Brief Description of the Drawings 

FIGS. 1(a) to 1(c), 2(a) and 2(b), and 3(a) to 3(c) are diagrams illustrating one 
10 embodiment of the invention. FIGS. 1(a) to 1(c) are cross-sectional view drawings 
showing steps of a sealing method. FIG 2(a) is a plane view diagram illustrating a 
transparent substrate formed of a thin film layer, and FIG 2(b) is a cross-sectional view 
! diagram thereof. FIG. 3(a) is a plane view drawing illustrating a cap, FIG 3(b) is a 

cross-sectional view diagram thereof taken along line b-b, and FIG 3(c) is a perspective 
15 view diagram. FIG 4(a) is a plane view diagram illustrating a different example of a 
structure of the cap, FIG 4(b) is a cross-sectional view diagram thereof taken along line 
b-b, and FIG 4(c) is a perspective view diagram. FIGS. 5(a) and 5(b), 6(a) and 6(b), 
7(a) and 7(b), and 8(a) and 8(b) are diagrams illustrating steps of a seeding method 
which uses this cap, where each of FIGS. 5(a), 6(a), 7(a), and 8(a) is a cross-sectional 
20 view diagram and each of FIGS. 5(b), 6(b), 7(b), and 8(b) is a side view diagram taken 
from a direction differing by 90° from the direction in which FIGS. 5(a), 6(a), 7(a), and 
8(a) are taken. 

1... .transparent substrate; 2.. ..transparent electrode; 3, 5. ...dielectric layers; 
4.. ..EL light-emitting layer; 6....back surface electrode; 7.. ..EL thin film layer; 8, 
25 15... .caps; 9.. ..notch (adhesive injection port); 10.... solidified adhesive layer; 
I 11... .hygroscopic particles; 13, 14, 21, 22....solidified adhesive joints; 16.. ..slit (adhesive 

injection port). 
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